UNANEYD

4
av daov . Aa o

Imqmi’maummqﬂi gasALilemurfivvinsduifidnsawlidiiagnisidu
‘Wszjmm%mlmmawmuuuwwm Imﬂmmamamnwmusmmimaammﬂ%mm
(value chain) fausnisuandurin malfiuyadnansi ﬂ'1iwmmmmuauulwﬁﬁmmmw
LagNINANAUNARS NG TNYd nduiivfnuiuseneunig uzuiy vdadu 13 tug
wazivayulwsidlonamuasugia loun uzuan  densans ez uazveny lasende
miﬁm:nmﬂaumuazmﬁmaamwaiéfu%wﬁuﬁqa WoUszifiussuunisndn m3danis
wansiAuAe MsudssUifiuyad wasmsimuringivayulnsiiaenadesmusnasgiu
ANUUaRAfEuAZNVILNY

HaNIsAN®INUT (1) wewvdu d@rulugiiinisdanlussuuiunynsnin 80-98%
Tnefleumuiuduaie 13-22 fu/ls dwdunisdanistetsdunidsusuiudodiafush
Prifinnsuaniuazmsaiyivlngefign uaznuitnmsdanmmdsmaivifemandnuy
wriulasnsusIguUUgaRaINIAansanInan ingAuidasnauldfidan Weisud
nsussqlugansend uazgamanainla (2) daduifiuiivgnuuiiuiigerunit 19,736 13
LNEAINT 1,326 519 Imawudwmé’aé’mﬁﬂqﬂiuﬁuﬁéﬂmaumma Janindesing daudnuue
wufundu-sauasaudurianziuiivngdensndndutunsdou dnsdmagiimant
(G) (3) meimuuIanssuedosduinuuunnm aansafinyszansamnsuendndy
30-32 wa/uil antwiniaTesannde 3.2 nn. uazaaduuNINEANT1 40% aifiuriy
\ATRafuLUULAY agvieudnenmnsthuianssumntdioifinUszansamlunisdnnismdanis
Auemandasuildage

dmsumsfnwinuinamsiauidoseaiuyad ingiuiivsiesdudislonians
1AT¥ENY WU Leneninsnezdilusiundt 16 vl laensa Aspartic wag Glutamic 89031
1,500 mg/100g WMHNZABNITHRUIDIMNTHUAIN mmzﬁ%auyﬁqwéﬁﬁmhmsé’ué’?ﬂLaulezjﬁ
MMP-1/MMP-2 (IC50 ~ 0.74 me/mL) wazduds ACE Fumnzdmiunansasisuszas s
uaznAndnsiiiieguainilaazvasaden dmsunisuussundndasioniiviesdulid
AN Uit wdnfusiuzuriuaesiuagasiufsiiuaiud iuasuuuainugeu
Frundunazsagean (4.5  uwaz 452)  fleiflsutugasldiuainaniisfunarlid
yurdindnfaureuyvinuuuiuiadegdund Tauamatihuaue savfToandundey
TnevsaomAnfuriiiunasiaudaonsds Lifinmsuudouvedaneninuazqduridnelss

nsdnwuasiaun TngAuuasnanfasayulnsiuigdidauawauinsgiu
wudn Rvagulnsuzuanuazidending ddoyasesiuifisanarenistunsfoungiu
Fuemg 81 waziA3esdiena lnsuzuanlanisudtugrivigeanes dueyyadasy uay
AUNNTONLEY dIUiendansdl anthocyanin ag polyphenols &9 WdzABNITIMUN
wAnfausiguamraInranegULLIL dunsruiumsdanmsiagivussmandssuiudunesina
wandlifiui nssAsniandusulethlaeldvlnaan [WuAsAmnzaufiandmiunissnw
USanasansandny Taudl Sabinene 26.94% uay Terpineol 13.35% gefign ileifisuiunis
neauaglidnnAuilwawis suiaflansduoyyadass (ABTS = 44.78 mg TEAC/Q) uay



04

FugaTn (MIC sham 0.007-0.031 me/mL) iletftsuiuiinismenuagliingiuiilnaus
wingrenadudiulszneulundndusieunulneuaziazdiens
nsensedugiBanndied wuin soaururiunazinduanlwaifune Susiid

AnonmgagaideUszidununasiaunienvesasdnu fngiu Anudosnisnain uay
syauaunTouwmalulad (TRL > 5) lngweauzuyiu Ianudanelavesiusiannit 90%
wieulspiiiudunuiads 62 vIn/vn wagdmiglalutissan 89-120 U drundnsus
thifuwslnaldsunstansivauanstuedeusunulunalddnda Fafalentad
dnanauamuaraiegnaddedndy nansdndunuiaueasiouin msldnszuaunisite
LUUASURS SufunIsidenlesniaensy (OEM)  sivlsiyuwuanansandndudildny
wnsgugraTngsy andosiadulasiaiiaiiug uanfudnenmnisnairluszere

nan1sAnwaInlasansiitanesngudidgsensitmun e uduiineasvgia
Tmlvufiufigeegiedsdu nedeulosnisdanisduti-nansth-vaedudndaedu wilug
wwInansAnunluszegaoly Wy MsTAWINIATEIUNITNER GAP  Lay Jefmuningdu
RNIENY N13IAYITEUUATINADUGTDUNGY N1TNANAY GI/D8. AABAIUNITATINULAATIAA
YuBU-LonTY LievesragdiasegRagIunuuiuigeegieiuniuazaandosiuluiaa
\SFNY BCG Y0Useine

ANEIAR: AIIUVAINTAIENITININ WYLATugRalvg asreyariiy Tofmvuauinsgiu

17 '
A I

WUNG
Y



Abstract

This research project aimed to develop high-potential local plants into
emerging economic crops for highland communities through an integrated value-
chain approach encompassing upstream cultivation, value addition, medicinal-herb
development, and commercialization pathways. The study focused on Makwaen
(Zanthoxylum limonella (Dennst.)), Assam tea (Camellia sinensis var. assamica),
Sugar Palm (Arenga pinnata (Wurmb) Mer), Phlai (Zingiber montanum (J.Koenig) Link
ex A.Dietr.), and economically promising medicinal species including Matak (Celastrus
paniculata Willd.), Dragon’s Blood (Peristrophe  bivalvis (L.) Merr.), Haw-tee
(Asplenium unilaterale Lam.), and Hom-chuu (Allium hookeri). Field surveys and
experimental trials under highland conditions were employed to assess production
systems, optimize postharvest practices, enhance value-added processes, and
develop herbal raw materials that meet safety and regulatory standards.

Results indicate that Makwaen is predominantly grown in agroforestry systems
(80-98% of farmers) at an average density of 13-22 trees per rai. Integrated nutrient
management using organic fertilizers combined with mushroom inoculum significantly
enhanced branching and vegetative growth, while vacuum packaging most effectively
preserved postharvest color and aroma compared to foil and clear plastic packaging.
Assam tea occupies 19,736 rai across 1,326 farmers in Mae Taeng District, Chiang Mai,
where unique highland terroir contributes to distinctive aroma and flavor profiles,
supporting its suitability for Geographical Indication (GI) registration. For Sugar Palm
processing, the development of a portable depulping machine increased processing
efficiency to 30-32 fruits/min, reduced machine weight to 3.2 kg, and lowered
production costs by more than 40%, demonstrating strong potential for upstream
postharvest innovation.

Nutritional assessments showed that Haw-tee contains more than 16 amino
acids, with aspartic and glutamic acid values exceeding 1,500 mg/100 g, giving it high
potential for functional food applications. Hom-chuu exhibited strong bioactivities,
including potent inhibition of MMP-1/MMP-2 (IC50 ~ 0.74 mg/mL) and ACE inhibition,
indicating its applicability in anti-aging and cardiovascular health products. Makwaen
pickled in boiled pure fish sauce received the highest sensory acceptance (aroma
4.45, flavor 4.52), while inoculated fermentation of Hom-chuu produced safer, more
consistent products. Both products complied with food safety standards and were
free of heavy metal and pathogenic contamination.

For medicinal-herb development, Matak and Dragon’s Blood demonstrated
sufficient phytochemical, ethnobotanical, and safety data to support Thai FDA
registration as botanical ingredients for food, drug, and cosmetic applications. For

Phlai, steam distillation of fresh rhizomes produced the highest key volatile



compounds (Sabinene 26.94%, Terpineol 13.35%), alongside superior antioxidant
activity (ABTS 44.78 mg TEAC/g) and broad antimicrobial effectiveness (MIC 0.007-
0.031 mg/mL), outperforming frying and dried-rhizome methods. These findings
confirm its suitability for traditional medicines and cosmeceutical formulations.

Commercialization analysis identified Makwaen sauce and Phlai massage oil
as the most viable products, supported by strong consumer acceptance (Makwaen
sauce > 90% purchase intention), competitive production costs (62 THB/bottle), and
successful registration of Phlai oil as a traditional herbal medicine. The project’s
integrated research and OEM-based collaboration model effectively strengthened
community production capacity, improved product quality, and reduced structural
limitations.

Overall, the project establishes a robust foundation for highland local plants
to become sustainable emerging economic crops. Future research should emphasize
GAP standards, raw-material specifications, traceability systems, GI/FDA advancement,
and community—private sector business models aligned with the BCG economic
model and SDGs.
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